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@  Multipurpose  fluid  dispensing  apparatus. 

©  The  invention  provides  a  dispensing  apparatus  for  a  fluid, 
notably  a  pressurised  ink.  A  manifold  is  provided  which  is 
adapted  to  receive  the  medium  to  be  dispensed.  A  plurality  of 
solenoid  valves,  each  having  an  input  port  and  an  output  port, 
are  connected  to  the  manifold  by  connecting  conduits.  A  series 
of  rigid  tubes  connect  the  solenoid  output  ports  with  openings 
in  a  tube  plate.  A  removable  orifice  plate  overlays  the  tube  plate 
and  has  a  plurality  of  openings  which  are  arranged  in  alignment 
with  the  tube  plate  openings.  A  valve  cradle  is  provided  for  po- 
sitioning  the  solenoid  valves  within  the  dispensing  head.  The 
valve  cradle  has  a  plurality  of  valve  receptacles  for  receiving 
the  respective  output  ports  of  the  plurality  of  solenoid  valves. 

The  invention  also  provides  a  valve  for  use  in  the  dispens- 
ing  apparatus  of  the  invention  which  has  an  outer  jacket  with 
opposing  ends  and  a  plunger  bore  which  communicates  be- 
tween  the  ends.  An  end  cap  is  located  on  one  of  the  jacket  op- 
posing  ends  and  has  an  output  port  which  communicates  with 
the  plunger  bore.  A  plunger  stop  located  on  the  jacket  end  op- 
posite  the  end  cap  is  at  least  partially  received  within  the  plung- 
er  bore  and  has  an  input  port  and  internal  passageway  commu- 
nicating  the  input  port  with  the  plunger  bore.  A  plunger  is  slid- 
ably  received  within  the  plunger  bore.  An  energizable  electrical 
coil  wound  about  the  plunger  bore  allows  the  plunger  to  move 
between  opened  and  closed  positions  in  response  to  energiza- 
tion  of  the  coil. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  h i g h   s p e e d ,   m u l t i p u r p o s e ,  

f l u i d   d i s p e n s i n g   a p p a r a t u s ,   n o t a b l y ,   to   a  p r i n t i n g  

a p p a r a t u s   of  t he   t y p e   u s e d   to   d i s p e n s e   ink   f o r   p r i n t i n g  

g r a p h i c   i m a g e s   o n t o   a  t a r g e t   s u b s t r a t e .  

O n - d e m a n d   ink   j e t   p r i n t i n g   d e v i c e s   g e n e r a l l y   u t i l i z e  

some  v a r i a t i o n   of   a  t e c h n i q u e   in  w h i c h   i n k   d r o p s   a r e  

i s s u e d   o n l y   on  d e m a n d   r a t h e r   t h a n   in  a  c o n t i n u o u s  

s t r e a m .   T y p i c a l l y ,   t h e r e   i s   p r o v i d e d   a  p l u r a l i t y   o f  

n o z z l e s   t h r o u g h   w h i c h   ink   can   be  i n t e r m i t t e n t l y   a n d  

s e l e c t i v e l y   e j e c t e d .   I t   ha s   b e e n   p r o p o s e d   to   u s e  

e l e c t r i c a l l y   o p e r a t e d   s o l e n o i d   v a l v e s   l o c a t e d   b e t w e e n   t h e  

ink   s o u r c e   and  t h e   ink   n o z z l e s   to  d i s p e n s e   i nk   t o w a r d  

t h e   t a r g e t   s u b s t r a t e .   Such   d e v i c e s   a r e   r e l a t i v e l y   s i m p l e  

in  c o n s t r u c t i o n   and  r e l i a b l e   in  o p e r a t i o n .   H o w e v e r ,  

t h e y   h a v e   b e e n   l i m i t e d   by  t h e   v a l v e   r e s p o n s e   t i m e   a n d ,   a s  

a  r e s u l t ,   o n l y   r e l a t i v e l y   l a r g e r   s i z e   c h a r a c t e r s ,   i . e . ,  

t h o s e   h a v i n g   a  h e i g h t   of   f rom  a b o u t   13mm  to  a b o u t   70mm,  

c o u l d   be  p r i n t e d .   P r o b l e m s   a r e   a l s o   e n c o u n t e r e d   in  t h a t  

i t   has   b e e n   n e c e s s a r y   to  " b a c k   f l u s h "   t he   i nk   n o z z l e s   t o  

c l e a n   t he   n o z z l e s   and  c o r r e c t   p l u g g i n g   p r o b l e m s   c a u s e d   i n  

p a r t   f r o m   t h e   r e q u i r e m e n t   to   use   s m a l l   n o z z l e   o r i f i c e  

d i a m e t e r s   due   to   t h e   s l o w   a c t i n g   v a l v e s .   A l s o ,   t h e  

f l e x i b l e   c o n d u i t s   u s e d   to  c o n n e c t   t he   v a l v e   o u t p u t   p o r t s  

to  t h e   f l u i d   n o z z l e s   t e n d e d   to  s w e l l   when  f i l l e d   w i t h  

p r e s s u r i z e d   i n k ,   t h e r e b y   a c t i n g   as  an  a c c u m u l a t o r   a n d  



r e s u l t i n g   in  r e s i d u a l   e j e c t i o n   of   i nk   f rom  t he   n o z z l e  

a f t e r   t he   v a l v e   had  c l o s e d .   F u r t h e r m o r e ,   s h o r t i n g   of   t h e  

e l e c t r i c a l   c o m p o n e n t s   o c c u r r e d   when  f l u i d   l e a k a g e  

c o n t a c t e d   t he   e l e c t r i c a l   c i r c u i t r y   of  t he   d e v i c e .  

We  have   now  d e v i s e d   a  d i s p e n s i n g   a p p a r a t u s   w h i c h  

r e d u c e s   t h e s e   p r o b l e m s .   A c c o r d i n g l y ,   t he   p r e s e n t  

i n v e n t i o n   p r o v i d e s   a   d i s p e n s i n g   a p p a r a t u s   f o r   d i s p e n s i n g  

a  m e d i u m   c h a r a c t e r i s e d   in  t h a t   i t   c o m p r i s e s :  

a  m a n i f o l d   a d a p t e d   to   r e c e i v e   a  m e d i u m ;  

a  p l u r a l i t y   of   s o l e n o i d   v a l v e s ,   e a c h   of  s a i d   v a l v e s  

h a v i n g   an  i n p u t   p o r t   and  an  o u t p u t   p o r t ;  

c o n d u i t   m e a n s   c o n n e c t i n g   s a i d   m a n i f o l d   w i t h   e a c h   o f  

s a i d   s o l e n o i d   i n p u t   p o r t s ;  

a  t u b e   p l a t e   h a v i n g   a  p l u r a l i t y   of   o p e n i n g s   t h e r e i n ;  

t u b e   m e a n s   f o r   c o n n e c t i n g   e a c h   of  s a i d   t u b e   p l a t e  

o p e n i n g s   w i t h   a  s e l e c t e d   one  of   s a i d   s o l e n o i d   o u t p u t  

p o r t s ;   a n d  

a  r e m o v a b l e   o r i f i c e   p l a t e   o v e r l a y i n g   s a i d   t u b e  

p l a t e ,   s a i d   o r i f i c e   p l a t e   h a v i n g   a  p l u r a l i t y   o f  

o p e n i n g s   t h e r e i n ,   s a i d   o p e n i n g s   b e i n g   a r r a n g e d   to  b e  

a l i g n e d   w i t h   s a i d   t u b e   p l a t e   o p e n i n g s .  

P r e f e r a b l y ,   t h e   o p e n i n g s   in  t h e   t u b e   p l a t e   a r e   o f  

g r e a t e r   r e l a t i v e   d i a m e t e r   t h a n   t h e   o p e n i n g s   in  t h e  

o r i f i c e   p l a t e .  

P r e f e r a b l y ,   a  p l u r a l i t y   of   r i g i d   t u b e s   a r e   p r o v i d e d ,  



e a c h   of   t he   r i g i d   t u b e s   c o n n e c t i n g   a  s e l e c t e d   one  of   t h e  

s o l e n o i d   o u t p u t   p o r t s   w i t h   a  s e l e c t e d   one  of  t h e   t u b e  

p l a t e   o p e n i n g s .   P r e f e r a b l y ,   t h e   t u b e s   a r e   made  o f  

s t a i n l e s s   s t e e l .  

A  v a l v e   c r a d l e   i s   p r e f e r a b l y   p r o v i d e d   f o r   p o s i t i o n i n g  

t he   s o l e n o i d   v a l v e s   w i t h i n   t h e   d i s p e n s i n g   a p p a r a t u s .  

P r e f e r a b l y ,   t h e   v a l v e   c r a d l e   has   a  p l u r a l i t y   of   v a l v e  

r e c e p t a c l e s   f o r   r e c e i v i n g   t h e   r e s p e c t i v e   o u t p u t   p o r t s   o f  

t he   p l u r a l i t y   of  s o l e n o i d   v a l v e s .   The  t u b e   m e a n s   c o n n e c t  

e a c h   of  t h e   t u b e   p l a t e   o p e n i n g s   w i t h   a  s e l e c t e d   one  o f  

t h e   v a l v e   r e c e p t a c l e s   in  t h e   v a l v e   c r a d l e .   The  v a l v e  

c r a d l e   p r e f e r a b l y   i n c l u d e s   a  c r a d l e   w a l l   c o n t a i n i n g   t h e  

v a l v e   r e c e p t a c l e s ,   t h e   c r a d l e   w a l l   h a v i n g   an  i n s i d e   f a c e  

and  an  o u t s i d e   f a c e   and  t h e   r e c e p t a c l e s   c o m p r i s i n g   a  

s e r i e s   of  s t e p p e d   b o r e s   b e t w e e n   t h e   i n s i d e   f a c e   a n d  

o u t s i d e   f a c e s .   The  v a l v e   r e c e p t a c l e   b o r e s   d e c r e a s e   i n  

i n t e r n a l   d i a m e t e r   f rom  t h e   i n s i d e   f a c e   to  t h e   o u t s i d e  

f a c e   and  r e s i l i e n t   s e a l   means   s u r r o u n d   t h e   v a l v e   o u t p u t  

p o r t s   w i t h i n   t h e   v a l v e   r e c e p t a c l e s .  

A  b a s e   p o r t i o n   d e p e n d s   f rom  t h e   v a l v e   c r a d l e   w a l l   a n d  

has   a  p l u r a l i t y   of   a r c u a t e   t r o u g h s   a d a p t e d   to  r e c e i v e   t h e  

s o l e n o i d   v a l v e s .   The  a r c u a t e   t r o u g h s   a r e   p r e f e r a b l y  

a r r a n g e d   in  s i d e - b y - s i d e   f a s h i o n   w i t h   t h e   l o n g i t u d i n a l  

a x e s   of   t h e   t r o u g h s   b e i n g   p a r a l l e l   to   f o rm  a  s c a l l o p e d  

c r o s s - s e c t i o n a l   p a t t e r n .   The  t u b e   m e a n s   a r e   r i g i d l y  



a f f i x e d   to   t h e   r e c e p t a c l e   b o r e s   on  t h e   c r a d l e   w a l l  

o u t s i d e   f a c e .   B i a s i n g   means   a r e   p r o v i d e d   f o r   u r g i n g   t h e  

s o l e n o i d   v a l v e s   in  t h e   d i r e c t i o n   of  t he   c r a d l e   w a l l  

r e c e p t a c l e s .  

The  v a l v e   f o r   use   in  t h e   l i q u i d   d i s p e n s i n g   a p p a r a t u s  

h a s   an  e l o n g a t e d   o u t e r   j a c k e t   w i t h   o p p o s i n g   e n d s .   A 

p l u n g e r   b o r e   i s   c e n t r a l l y   l o c a t e d   w i t h i n   t h e   j a c k e t   a n d  

c o m m u n i c a t e s   b e t w e e n   t h e   o p p o s i n g   e n d s .   An  end  c a p  

l o c a t e d   on  one  of  t h e   j a c k e t   o p p o s i n g   e n d s   has   an  o u t p u t  

p o r t   t h e r e i n   w h i c h   c o m m u n i c a t e s   w i t h   t h e   p l u n g e r   b o r e .   A 

p l u n g e r   s t o p   l o c a t e d   on  t h e   j a c k e t   end  o p p o s i t e   t h e   e n d  

cap   i s   a t   l e a s t   p a r t i a l l y   r e c e i v e d   w i t h i n   t he   p l u n g e r  

b o r e .   The  p l u n g e r   s t o p   has   an  i n p u t   p o r t   and  an  i n t e r n a l  

p a s s a g e w a y   c o m m u n i c a t i n g   t h e   i n p u t   p o r t   w i t h   t he   p l u n g e r  

b o r e .   A  p l u n g e r   i s   s l i d a b l y   r e c e i v e d   w i t h i n   t he   p l u n g e r  

b o r e   b e t w e e n   t h e   p l u n g e r   s t o p   and  t h e   end  c a p .  

An  e n e r g i z a b l e   e l e c t r i c a l   c o i l   i s   wound  a b o u t   t h e  

p l u n g e r   b o r e   w i t h i n   t h e   j a c k e t .   The  p l u n g e r   is  s l i d a b l e  

w i t h i n   t h e   p l u n g e r   b o r e   b e t w e e n   a  c l o s e d   p o s i t i o n   and  a n  

o p e n   p o s i t i o n   f o r   a l l o w i n g   f l u i d   f l o w   t h r o u g h   t h e   i n p u t  

p o r t ,   t h e   i n t e r n a l   p a s s a g e w a y ,   p l u n g e r   b o r e ,   and  o u t p u t  

p o r t   in   r e s p o n s e   to  e n e r g i z a t i o n   of   t h e   c o i l .  

P r e f e r a b l y ,   t h e   i n p u t   p o r t ,   p l u n g e r   b o r e ,   and  o u t p u t   p o r t  

a r e   l o n g i t u d i n a l l y   a l i g n e d   to  p r o v i d e   a  s t r a i g h t   t h r o u g h  

f l o w   of   i n k   t h r o u g h   t he   v a l v e .   The  p l u n g e r   s t o p   i s  



t h r e a d e d l y   r e c e i v e d   w i t h i n   t h e   v a l v e   end  o p p o s i t e   t he   e n d  

cap   and  i s   a d j u s t a b l e   w i t h i n   t he   p l u n g e r   b o r e   to  p r o v i d e  

a  gap   b e t w e e n   t h e   s t o p   and  t h e   p l u n g e r ,   t h e   s i z e   of   t h e  

gap   d e t e r m i n i n g   t h e   d i s t a n c e   of   t r a v e l   of   t h e   p l u n g e r  

b e t w e e n   t h e   o p e n   and  t he   c l o s e d   p o s i t i o n s .   B i a s i n g   m e a n s  

a r e   p r o v i d e d   f o r   n o r m a l l y   u r g i n g   t h e   p l u n g e r   t o w a r d   t h e  

end  cap   c l o s e d   p o s i t i o n .  

P r e f e r a b l y ,   t h e   p l u n g e r   s t o p   h a s   a  g e n e r a l l y  

c y l i n d r i c a l   p o r t i o n   a d a p t e d   to  be  r e c e i v e d   w i t h i n   t h e  

p l u n g e r   b o r e   and  an  i n t e r n a l   p a s s a g e w a y   r u n n i n g   p a r a l l e l  

to  t he   l o n g i t u d i n a l   a x i s   of   t h e   c y l i n d r i c a l   p o r t i o n   a l o n g  

a  p a r t   of   t h e   l e n g t h   t h e r e o f   and  h a v i n g   a  t e r m i n a t i n g  

p a t h   p o r t i o n   a r r a n g e d   n o r m a l   to  t h e   l o n g i t u d i n a l   a x i s   o f  

t h e   c y l i n d r i c a l   p o r t i o n .   The  t e r m i n a t i n g   p a t h   p o r t i o n  

e n d s   in  a  f l u i d   a p e r t u r e   w h i c h   c o m m u n i c a t e s   w i t h   t h e  

p l u n g e r   b o r e .   The  p l u n g e r   s t o p   c y l i n d r i c a l   p o r t i o n   h a s   a  

s t o p   end  o p p o s i t e   t h e   t h r e a d e d   e n d ,   t h e   s t o p   end  b e i n g   o f  

l e s s e r   r e l a t i v e   e x t e r n a l   d i a m e t e r   t h a n   t h e   c y l i n d r i c a l  

p o r t i o n .   The  p l u n g e r   has   a  g e n e r a l l y   c y l i n d r i c a l   b o d y  

w i t h   a  p l u n g e r   f a c e   f o r   c o n t a c t i n g   t h e   i n t e r i o r   of  t h e  

end  cap   to  s e a l   t he   o u t l e t   p o r t   and  an  o p p o s i t e   p l u n g e r  

end  of  l e s s e r   r e l a t i v e   d i a m e t e r   t h a n   t h e   c y l i n d r i c a l  

b o d y ,   w h e r e b y   a  s p r i n g   can   be  f i t t e d   a b o u t   t h e   s t o p   e n d  

and  a b o u t   t he   p l u n g e r   end  w i t h i n   t he   p l u n g e r   b o r e ,   t h e  

s p r i n g   s e r v i n g   to  u r g e   t h e   p l u n g e r   f a c e   t o w a r d   t h e   e n d  



cap   to  s e a l   t he   o u t p u t   p o r t .  

A  p a r t i c u l a r l y   p r e f e r r e d   f o r m   of   t h e   d i s p e n s i n g  

a p p a r a t u s   of   t h e   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  w a y  

of  e x a m p l e   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s   i n  

w h i c h :  

F i g .   1  i s   a  t o p   p e r s p e c t i v e   v i e w   of   t he   d i s p e n s i n g  

a p p a r a t u s   o f   t h e   i n v e n t i o n   w i t h   t h e   t o p   c o v e r   of  t h e  

h o u s i n g   r e m o v e d .  

F i g .   2  i s   an  e x p l o d e d   p e r s p e c t i v e   v i e w   of   t h e  

d i s p e n s i n g   a p p a r a t u s   of   F i g .   1 .  

F i g .   3  i s   an  i s o l a t e d   v i e w   of   t he   v a l v e ,   v a l v e  

c r a d l e ,   and  t u b e   p l a t e   of   t h e   d i s p e n s i n g   a p p a r a t u s   o f  

F i g .   1  w i t h   p a r t s   b r o k e n   a w a y .  

F i g .   4 '  i s   an  i s o l a t e d   v i e w   of  t h e   t u b e   p l a t e   of  t h e  

d i s p e n s i n g   a p p a r a t u s   w i t h   a  j e w e l e d   o r i f i c e   p l a t e .  

F i g .   5  i s   an  i s o l a t e d ,   c r o s s - s e c t i o n a l   v i e w   of   a n  

o r i f i c e   j e w e l .  

F i g .   6  i s   an  i s o l a t e d   v i e w   of  t h e   t u b e   p l a t e   of  t h e  

d i s p e n s i n g   a p p a r a t u s   w i t h   a  d r i l l e d   o r i f i c e   p l a t e .  

F i g .   7  is   a  s i d e   c r o s s - s e c t i o n a l   v i e w   of  t h e   v a l v e   o f  

t h e   d i s p e n s i n g   a p p a r a t u s .  

T u r n i n g   to   F i g .   1,  t h e r e   i s   shown  a  d i s p e n s i n g  

a p p a r a t u s   of   t h e   i n v e n t i o n   d e s i g n a t e d   g e n e r a l l y   as  1 1 .  

The  d i s p e n s i n g   a p p a r a t u s   11  has   a  h o u s i n g   13  i n t o   w h i c h  

is   f i t t e d   a  m a n i f o l d   15  w h i c h   is   a d a p t e d   to   r e c e i v e   a  



p r e s s u r i z e d   l i q u i d .   The  h o u s i n g   13  i s   a  g e n e r a l l y  

r e c t a n g u l a r   b o x ,   as  shown  in  F i g .   2,  and  h a s   a  f r o n t  

i n t e r i o r   p o r t i o n   12,   a  b o t t o m   w a l l   14 ,   and  a  p r o t r u s i o n  

16  in  t h e   i n t e r i o r   s i d e w a l l s   18  w h i c h   s e p a r a t e s   t h e   f r o n t  

i n t e r i o r   p o r t i o n   12  f rom  a  r e a r   i n t e r i o r   p o r t i o n   20.   T h e  

r e a r   s i d e w a l l   24  of  h o u s i n g   13  i n c l u d e s   an  e l o n g a t e d   s l o t  

22  and  t h e   f r o n t   s i d e w a l l   26  has   a  r e c e s s   69  w h i c h   w i l l  

be  d e s c r i b e d   l a t e r   in  g r e a t e r   d e t a i l .   A  t o p   c o v e r   ( n o t  

shown)   can   be  p r o v i d e d   f o r   t h e   h o u s i n g .  

As  b e s t   s e e n   in  F i g .   2,  t h e   l i q u i d   m a n i f o l d   15  i s   a  

g e n e r a l l y   r e c t a n g u l a r   member   h a v i n g   a  l e g   p o r t i o n   17  w i t h  

an  end  o p e n i n g   19  w h i c h   i s   a d a p t e d   to  r e c e i v e   a  t u b e  

u n i o n   21  w h e r e b y   t h e   m a n i f o l d   can   be  c o n n e c t e d  t o   a  

s o u r c e   of   p r e s s u r i z e d   l i q u i d .   The  t u b e   u n i o n   21  a l s o  

p r o v i d e s   a  c o n v e n i e n t   p o i n t   f o r   i n s e r t i o n   of   a  f i n a l  

f i l t e r   23  f o r   t h e   l i q u i d   b e i n g   d i s p e n s e d .  

The  d i s p e n s i n g   a p p a r a t u s   of   t h e   i n v e n t i o n   i s  

p a r t i c u l a r l y   w e l l   s u i t e d   f o r   d i s p e n s i n g   p r i n t i n g   i n k s   o f  

t h e   t y p e   u s e d   to   p r i n t   on  a  t a r g e t   s u b s t r a t e ,   i n c l u d i n g  

b o t h   p o r o u s   and  n o n - p o r o u s  t a r g e t   s u b s t r a t e s .   The  l i q u i d  

med ium  s u i t a b l e   f o r   use   w i t h   t h e   p r e s e n t   d i s p e n s i n g   h e a d  

can   t h u s   i n c l u d e   w a t e r   b a s e d   i n k s   a n d   s o l v e n t   i n k s .  

S u i t a b l e   s o l v e n t s   i n c l u d e   c h l o r i n a t e d   h y d r o c a r b o n s ,  

k e t o n e s ,   a l c o h o l s ,   and  o i l   b a s e s ,   e . g .   x y l e n e .   I t   s h o u l d  

be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   t h e   a p p a r a t u s   of  - t h e  



i n v e n t i o n   i s   c a p a b l e   of   d i s p e n s i n g   o t h e r   f l u i d   m e d i u m s  

s u c h   as  a d h e s i v e s   and  t h e   l i k e ,   or   g a s e s .  

The  m a n i f o l d   15 ,   as  s e e n   in  F i g .   2,  is   m o u n t e d   on  a  

p r i n t e d   c i r c u i t   b o a r d   25  h a v i n g   a  s e r i e s   of  t e r m i n a l  

p o s t s   27  w h i c h   r u n   to   a  c o n n e c t o r   p l u g   29.  The  c i r c u i t  

b o a r d   25  i s   c o a t e d   w i t h   a  s u r f a c e   c o a t i n g   w h i c h   i s  

r e s i s t a n t   to   s o l v e n t - a t t a c k .   P r e f e r a b l y ,   t he   c o a t i n g   i s  

a  c o n f o r m a l   c o a t i n g   w h i c h   f o r m s   a  t h i n   s e a l   a r o u n d   t h e  

b o a r d .  

A  p l u r a l i t y   of   s o l e n o i d   v a l v e s   31  a r e   p r o v i d e d ,   e a c h  

of   w h i c h   has   an  i n p u t   p o r t   33  and  an  o u t p u t   p o r t   3 5 .  

C o n d u i t   m e a n s ,   in  t h i s   c a s e   T e f l o n   t u b i n g   37,  c o n n e c t s  

t h e   m a n i f o l d   15  w i t h   e a c h   of  t h e   s o l e n o i d   i n p u t   p o r t s   33  

by  m e a n s   of   m a n i f o l d   o u t l e t s   3 9 .  

A  v a l v e   c r a d l e   41  i s   p r o v i d e d   f o r   p o s i t i o n i n g   t h e  

s o l e n o i d   v a l v e s   31  w i t h i n   t h e   d i s p e n s i n g   a p p a r a t u s   1 1 .  

The  v a l v e   c r a d l e   41  has   a  p l u r a l i t y   of  v a l v e   r e c e p t a c l e s  

43  ( s e e   F i g .   3 ) .   The  v a l v e   r e c e p t a c l e s   43  a r e   a d a p t e d   t o  

r e c e i v e   t h e   r e s p e c t i v e   o u t p u t   p o r t s   35  of   a  s o l e n o i d  

v a l v e   31 .   The  v a l v e   c r a d l e   41  i n c l u d e s   a  c r a d l e   w a l l   45  

w h i c h   c o n t a i n s   t h e   v a l v e   r e c e p t a c l e s   43.   T h e  w a l l   has   a n  

i n s i d e   f a c e   47  and  an  o u t s i d e   f a c e   49  and  t he   r e c e p t a c l e s  

43  c o m p r i s e   a  s e r i e s   of   s t e p p e d   b o r e s   b e t w e e n   t h e   i n s i d e  

f a c e   47  a n d  _ t h e   o u t s i d e   f a c e   49.   As  s e e n   in  F i g .   3,  t h e  

v a l v e   r e c e p t a c l e   b o r e s   d e c r e a s e   in  i n t e r n a l   d i a m e t e r   f r o m  



t h e   i n s i d e   f a c e   47  to   t he   o u t s i d e   f a c e   49.   R e s i l i e n t  

s e a l   m e a n s ,   in  t h i s   c a s e   0 - r i n g s   51,   s u r r o u n d   t h e   v a l v e  

o u t p u t   p o r t s   35  w i t h i n   t h e   v a l v e   r e c e p t a c l e   s t e p p e d   b o r e .  

The  v a l v e   c r a d l e   41  a l s o   i n c l u d e s   a  b a s e   p o r t i o n   53  

d e p e n d i n g   f r o m   t h e   c r a d l e   w a l l   45 ,   g e n e r a l l y   n o r m a l  

t h e r e t o ,   w h i c h   has   a  p l u r a l i t y   of   a r c u a t e   t r o u g h s   55  

a d a p t e d   to   r e c e i v e   t h e   s o l e n o i d   v a l v e s   3 1 .  

A  s p r i n g   p l a t e   57  ( s e e   F i g .   2)  i s   a d a p t e d   to   b e  

r e c e i v e d   w i t h i n   a  g r o o v e   59  in  t h e   h o u s i n g   13  a n d  

i n c l u d e s   a  p l u r a l i t y   of   c i r c u l a r   o p e n i n g s   61  w i t h   t o p  

s l o t s   63.   The  c i r c u l a r   o p e n i n g s   61  a r e   a d a p t e d   t o  

r e c e i v e   an  end  of  a  b i a s i n g   m e a n s ,   s u c h   as  s p r i n g s   6 5 ,  

w h i c h   s u r r o u n d   t h e   i n p u t   p o r t s   33  of   t h e   s o l e n o i d   v a l v e s  

31,  t h e r e b y   u r g i n g   v a l v e s   31  in  t h e   d i r e c t i o n   of  t h e  

v a l v e   r e c e p t a c l e s   43  in  t h e   v a l v e   c r a d l e   41 .   The  s l o t s  

63  and  s p r i n g s   65  p r o v i d e   e a s e   of  i n s e r t i o n   and  r e m o v a l  

of   t he   v a l v e s   31  f rom  t he   v a l v e   c r a d l e   41  and  d i s p e n s i n g  

a p p a r a t u s   1 1 .  

The  a r c u a t e   t r o u g h s   55  in  t he   c r a d l e   b a s e   p o r t i o n   53  

a r e   a r r a n g e d   in  s i d e - b y - s i d e   f a s h i o n   w i t h   t h e  

l o n g i t u d i n a l   a x e s   (67  in  F i g .   3)  b e i n g   p a r a l l e l   to  f o r m   a  

s c a l l o p e d   c r o s s - s e c t i o n a l   p a t t e r n .   The  v a l v e   c r a d l e   4 5 ,  

as  shown  in  F i g .   2,  i s   r e c e i v e d   w i t h i n   t h e   f r o n t   p o r t i o n  

12  of   t he   h o u s i n g   13  and  i s   s u p p o r t e d   by  t h e   b o t t o m   w a l l  

14  of  t he   h o u s i n g   13.   The  p r o t r u s i o n   16  in  t h e   h o u s i n g  



i n t e r i o r   s i d e w a l l s   18  f i x e s   t he   v a l v e   c r a d l e   in  p o s i t i o n  

and  p r e v e n t s   s l i d i n g   m o v e m e n t   of  t he   v a l v e   c r a d l e .   T h e  

m a n i f o l d   15  and  c i r c u i t   b o a r d   a s s e m b l y   25  a r e   r e c e i v e d  

w i t h i n   t h e   r e a r   p o r t i o n   20  of   t h e   h o u s i n g   13.  T h e  

e l o n g a t e d   s l o t   22  in  t he   r e a r   s i d e w a l l   24  of   t h e   h o u s i n g  

13  r e c e i v e s   t h e   c o n n e c t o r   p l u g   29  of   t h e   c i r c u i t   b o a r d  

25.   Each   s o l e n o i d  v a l v e   31,   as  w i l l   be  more   f u l l y  

d e s c r i b e d ,   has   a  p a i r   of   e l e c t r i c a l   w i r e s   w h i c h   r u n   f r o m  

the   v a l v e   to   t h e   a p p r o p r i a t e   t e r m i n a l   p o s t   27  on  t h e  

p r i n t e d   c i r c u i t   b o a r d   2 5 .  

As  s e e n   in  F i g .   2,  t h e   h o u s i n g   13  i n c l u d e s   a  r e c e s s  

69  in  t h e   f r o n t   s i d e w a l l   26  w h i c h   is  a d a p t e d   to  r e c e i v e   a  

t u b e   p l a t e   71  w h i c h   can   be  f i x e d   in  p o s i t i o n   as  by  s c r e w  

h o l e s   73.  The  h o u s i n g   r e c e s s   69  i n c l u d e s   a  v e r t i c a l   s l o t  

75  in   t h e   mid  r e g i o n   t h e r e o f .   The  t u b e   p l a t e   71  has   a  

p l u r a l i t y   of   o p e n i n g s   77  t h e r e i n   f o r   r e c e i v i n g   t u b e  

m e a n s ,   in  t h i s   c a s e   r i g i d   t u b e s   79,   w h i c h   c o n n e c t   e a c h   o f  

t h e   t u b e   p l a t e   o p e n i n g s   77  w i t h   a  s e l e c t e d   one  of  t h e  

v a l v e   c r a d l e   r e c e p t a c l e s   43.   The  r i g i d   t u b e s   79  a r e  

p r e f e r a b l y   17  or   18  g a u g e   s t a i n l e s s   s t e e l   a n d  

a r e   c o n n e c t e d   by  g l u i n g   t he   e n d s   t h e r e o f   w i t h   e p o x y   i n t o  

t h e   r e s p e c t i v e   r e c e p t a c l e   o p e n i n g s   81  and  t u b e   p l a t e  

i n t e r i o r   o p e n i n g s   83  ( s e e   F i g .   3 ) .   A  r e m o v a b l e   o r i f i c e  

p l a t e   85  ( F i g .   2)  o v e r l a y s   t h e   t u b e   p l a t e   71  w i t h i n   t h e  

h o u s i n g   r e c e s s   69  and  can   be  s e c u r e d   t h e r e t o   by  means   o f  



s c r e w   h o l e s   87  p r o v i d e d   f o r   s c r e w s   w h i c h   a r e   r e c e i v e d  

w i t h i n   t h e   t h r e a d e d   b o r e s   89  in  t h e   t u b e   p l a t e   71.   T h e  

r e m o v a b l e   o r i f i c e   p l a t e   85  i n c l u d e s   a  p l u r a l i t y   o f  

o p e n i n g s   91 ,   t he   o p e n i n g s   91  b e i n g   a r r a n g e d   in  a l i g n m e n t  

w i t h   t h e   t u b e   p l a t e   o p e n i n g s   77.   The  o p e n i n g s   in  t h e  

t u b e   p l a t e   71  a r e   of  g r e a t e r   r e l a t i v e   d i a m e t e r   t h a n   t h e  

u l t i m a t e   o p e n i n g s   in  t he   o r i f i c e   p l a t e   85,   as  w i l l   b e  

d e s c r i b e d .  

F i g .   4  shows   a  t u b e   p l a t e ,   o r i f i c e   p l a t e   a r r a n g e m e n t  

f o r   t h e   p r e s e n t   i n v e n t i o n .   As  shown  in  F i g .   4,  t h e  

o r i f i c e   p l a t e   85  has   o p e n i n g s   91  w h i c h   a r e   a d a p t e d   t o  

r e c e i v e   o r i f i c e   j e w e l s   93.   The  o r i f i c e   j e w e l s   93  a r e  

j e w e l s   s u c h   as  t h e   s a p p h i r e   j e w e l s   u s e d   in  a c e t y l e n e  

t o r c h e s   and  t he   l i k e .   Each   j e w e l   93  ( s e e   F i g .   5)  has   a  

g e n e r a l l y   c i r c u l a r   body   95  h a v i n g   an  o r i f i c e   97  o f  

r e l a t i v e l y   s m a l l e r   d i a m e t e r   on  one  f a c e   99  and  an  o p e n i n g  

101  of   r e l a t i v e l y   g r e a t e r   d i a m e t e r   on  t h e   o p p o s i t e   f a c e  

103.   The  d i a m e t e r   of  o r i f i c e   97  is  in  t h e   r a n g e   0 . 0 2 5   mm 

to  0 . 5 0 8   mm,  and  p r e f e r a b l y   f o r   i nk   j e t   p r i n t i n g   is  i n  

t h e   r a n g e   of   0 . 1 4 5   mm  to  0 . 2 5 4   mm.  The  l e n g t h   "1"  of   t h e  

o r i f i c e   t h r o a t   105  is   in  t he   r a n g e   of  0 . 1 4 5   to  0 . 2 5 4   mm. 

The  i n t e r n a l   d i a m e t e r   of  t he   o p e n i n g s   91  in  t he   o r i f i c e  

p l a t e s   85  a r e   s u f f i c i e n t   to  r e c e i v e   t h e   e x t e r n a l   d i a m e t e r  

of   t h e   j e w e l   b o d i e s   95.  The  o p e n i n g s   91  a r e   o f  

s u f f i c i e n t   d e p t h   to   a l l o w   t h e   j e w e l s   93  to  f i t   f l u s h  w i t h  



t h e   t o p   s u r f a c e   107  of  t h e   o r i f i c e   p l a t e   85  when  t h e  

j e w e l s   a r e   in  p l a c e .   The  j e w e l s   a r e   p l a c e d   in  t h e  

o p e n i n g s   91  w i t h   t h e   o p e n i n g   101  b e i n g   f i r s t   to  e n t e r  

t h e   o p e n i n g   91.  A  T e f l o n   g a s k e t   109 ,   as  shown  in  F i g .   4 ,  

i s   r e c e i v e d   w i t h i n   a  g r o o v e   111  in  t h e   r e a r   of  o r i f i c e  

p l a t e   85  and  i s   r e t a i n e d   b e t w e e n   t h e   o r i f i c e   p l a t e   85  a n d  

t u b e   p l a t e   71  w i t h   t h e   o p e n i n g s   113  in  t he   g a s k e t   109  i n  

a l i g n m e n t   w i t h   t h e   t u b e   p l a t e   o p e n i n g s   77  and  t h e   o r i f i c e  

p l a t e   o p e n i n g s   9 1 .  

A n o t h e r   e m b o d i m e n t   of   t h e   t u b e   p l a t e   and  o r i f i c e  

p l a t e   a r e   i l l u s t r a t e d   in  F i g .   6.  The  t u b e   p l a t e   115  h a s  

a  s e r i e s   of   s t e p p e d   b o r e s   117  w h i c h   d e c r e a s e   in  i n t e r n a l  

d i a m e t e r   f r o m   t h e   t o p   s u r f a c e   l19  to   t he   r e a r   s u r f a c e   1 2 1  

of   t h e   t u b e   p l a t e   115 .   The  b o r e s   117  in  t u b e   p l a t e   1 1 5  

a r e   a d a p t e d   to   r e c e i v e   a  s e a l i n g   means   s u c h   as  O - r i n g s  

1 2 3 .  

A  r e m o v a b l e ,   o r i f i c e   p l a t e   125  o v e r l a y s   t h e   t u b e  

p l a t e   115  and  h a s   a  p l u r a l i t y   of   o p e n i n g s   127  w h i c h   a r e  

a d a p t e d   to  be  a l i g n e d   w i t h   t he   o p e n i n g s   in  t he   O - r i n g s  

123  and  b o r e s   117  in  t h e   t u b e   p l a t e   115 .   The  o r i f i c e  

p l a t e   125  can   be  s e c u r e d   to  t he   t u b e   p l a t e   115  as  b y  

s c r e w   h o l e s   129 .   In  t h i s   e m b o d i m e n t ,   t he   d i a m e t e r   o f  

t h e   o p e n i n g s   127  in  t h e   o r i f i c e   p l a t e   125  c o r r e s p o n d s   t o  

t h e   s i z e   of   t h e   o r i f i c e   o p e n i n g s   97  of   t h e   j e w e l s   93  

p r e v i o u s l y   d i s c u s s e d .   The  t h i c k n e s s   of   t he   o r i f i c e   p l a t e  



125  a d j a c e n t   t he   o p e n i n g s   127  c o r r e s p o n d s   to  t he   l e n g t h  

of  t he   j e w e l   t h r o a t   105  and  i s   in  t h e   r a n g e   f rom  0 . 0 2 5 4  

to  0 . 0 2 5 4   mm.  A  r e t a i n i n g   p l a t e   131  i s   r e c e i v e d   o v e r   t h e  

o r i f i c e   p l a t e   125  and  r e t a i n e d   in  p o s i t i o n   by  m e a n s   o f  

s c r e w   h o l e s   78.   The  r e t a i n i n g   p l a t e   76  i n c l u d e s   a  

l o n g i t u d i n a l   s l o t   135  w h i c h   i s   a l i g n e d   w i t h   t h e   o p e n i n g s  

127  in  o r i f i c e   p l a t e   1 2 5 .  

The  v a l v e   31  f o r   use   in  t h e   l i q u i d   d i s p e n s i n g   h e a d  

11  of   t h e   i n v e n t i o n   i s   shown  in  g r e a t e r   d e t a i l   in  F i g .  

7.  The  v a l v e   31  i n c l u d e s   an  e l o n g a t e d   o u t e r   j a c k e t   1 3 7  

h a v i n g   o p p o s i n g   e n d s   1 3 9 ,   1 4 1 .   A  p l u n g e r   b o r e   143  i s  

c e n t r a l l y   l o c a t e d   w i t h i n   t h e   o u t e r   j a c k e t   137  a n d  

c o m m u n i c a t e s   b e t w e e n   t h e   o p p o s i n g   e n d s   1 3 9 ,   1 4 1 .   An  e n d  

cap   145  is   l o c a t e d   on  one  of  t h e   j a c k e t   o p p o s i n g   e n d s   1 3 9  

and  has   an  o u t p u t   p o r t   35  w h i c h   c o m m u n i c a t e s   w i t h   t h e  

p l u n g e r   b o r e   143  by  m e a n s   of   an  o p e n i n g   147  in  a  p l u n g e r  

s e a t   1 4 9 .  

A  p l u n g e r   151  s t o p   i s   l o c a t e d   on  t h e   j a c k e t   end  1 4 1  

o p p o s i t e   end  cap   145  and  i s   a t   l e a s t   p a r t i a l l y   r e c e i v e d  

w i t h i n   t h e   p l u n g e r   b o r e   143 .   The  p l u n g e r   s t o p   151  has   a n  

i n p u t   p o r t   33  and  an  i n t e r n a l   p a s s a g e w a y   153  w h i c h  

c o m m u n i c a t e s   t h e   i n p u t   p o r t   33  w i t h   t h e   p l u n g e r   b o r e  

143 .   The  p l u n g e r   s t o p   151  i s   p r e f e r a b l y   r e c e i v e d   w i t h i n  

an  i n l e t   body   155  w h i c h   has   an  i n t e r n a l l y   t h r e a d e d  

s u r f a c e   157  a d a p t e d   to   m a t i n g l y   e n g a g e   an  e x t e r n a l l y  



t h r e a d e d   s u r f a c e   159  of   t h e   p l u n g e r   s t o p   1 5 1 .  

A l t e r n a t i v e l y ,   t h e   s t o p   can   be  p r e a d j u s t e d   a n d  

p e r m a n e n t l y   f i x e d   in  p o s i t i o n   w i t h i n   t h e   p l u n g e r   b o r e .  

The  e x t e r n a l   d i a m e t e r   of   t h e   p l u n g e r   s t o p   d e c r e a s e s   f r o m  

t h e   t h r e a d e d   s u r f a c e   159  and  i s   r e c e i v e d   w i t h i n   a  m a t i n g  

b o r e   161  of  t h e   i n l e t   b o d y   155  w h e r e   i t   s e a l i n g l y   e n g a g e s  

t h e   i n l e t   body   155  by  means   of   an  O - r i n g   1 6 3 .  

A  p l u n g e r   165  is   s l i d a b l y   r e c e i v e d   w i t h i n   t h e   p l u n g e r  

b o r e   143  b e t w e e n   t h e   p l u n g e r   s t o p   151  and  t h e   end  c a p  

145 .   An  e n e r g i z a b l e   e l e c t r i c a l   c o i l   167  i s   wound  a b o u t  

t h e   p l u n g e r   b o r e   143  and  i s   s e p a r a t e d   t h e r e f r o m   by  m e a n s  

of   a  t u b e   169  w i t h i n   t h e   j a c k e t   137 .   The  p l u n g e r   165  i s  

s l i d a b l e   w i t h i n   t h e   p l u n g e r   b o r e   143  b e t w e e n   a  c l o s e d  

p o s i t i o n ,   as  s h o w n   in   F i g .   6,  and  an  open   p o s i t i o n   f o r  

a l l o w i n g   f l u i d   f l o w   t h r o u g h   t h e   i n p u t   p o r t   33 ,   t h e  

i n t e r n a l   p a s s a g e w a y   1 5 3 ,   t h e   p l u n g e r   b o r e   1 4 3 ,   and  t h e  

o u t p u t   p o r t   35  in  r e s p o n s e   to  e n e r g i z a t i o n   of  t h e  

e l e c t r i c a l   c o i l   167 .   A  p a i r   of   o u t l e t   l e a d s   171 ,   173  r u n  

f r o m   e a c h   o f   t h e   v a l v e s   31  to  a  p a i r   of  t e r m i n a l   p o s t s  

(27  in  F i g .   2)  on  t h e   p r i n t e d   c i r c u i t   b o a r d   25.   T h e  

v a l v e   j a c k e t   137  i s   e p o x y   s e a l e d   to   p r e v e n t   v a l v e  

d e t e r i o r a t i o n .   The  j a c k e t   e n c a p s u l a t e s   t h e   e l e c t r i c a l  

c o i l   and  s e r v e s   as  t h e   m a g n e t i c   r e t u r n   p a t h   of   t he   v a l v e .  

An  e l e c t r i c a l   c o n t r o l   m e a n s ,   s u c h   as  a  m i c r o c o m p u t e r  

( n o t   s h o w n )   can   be  c o n n e c t e d   by  means   of   t h e   c o n n e c t o r  



p l u g   29  and  t he   p r i n t e d   c i r c u i t   b o a r d   25  to  t he   v a l v e  

l e a d s   171 ,   173 .   The  v a l v e s   31  can   t h e n   be  s e l e c t i v e l y  

and  i n t e r m i t t e n t l y   a c t u a t e d   by  t h e   e l e c t r i c a l   c o n t r o l  

m e a n s   to  a l l o w   f l u i d   f l o w   f rom  t h e   m a n i f o l d   17  t h r o u g h  

the   v a l v e   o u t p u t   p o r t s   35  to  t he   o r i f i c e   p l a t e   85  a n d  

o n t o   a  p r i n t i n g   s u b s t r a t e   ( n o t   s h o w n ) .   The  s e l e c t i v e  

a c t u a t i o n   of  t he   v a l v e s   31  by  t h e   e l e c t r i c a l   c o n t r o l  

means   a l l o w s   t h e   f l u i d   to  be  d i s p e n s e d   f rom  t h e   o r i f i c e  

p l a t e .  

As  shown  in  F i g .   7,  t h e   i n p u t   p o r t   33,  p l u n g e r   b o r e  

133 ,   and  o u t p u t   p o r t   35  a r e   l o n g i t u d i n a l l y   a l i g n e d   t o  

p r o v i d e   a  s t r a i g h t   t h r o u g h   f l o w   of  f l u i d   t h r o u g h   t h e  

v a l v e   31  to  e l i m i n a t e   t he   p o s s i b i l i t y   of   a i r   b e i n g  

t r a p p e d   in  t h e   v a l v e .   The  p l u n g e r   s t o p   151  i s   a d j u s t a b l e  

by  means   of  t he   t h r e a d e d   s u r f a c e s   1 5 7 ,   159  w i t h i n   t h e  

p l u n g e r   b o r e   143  to  p r o v i d e   a  gap  175  b e t w e e n   t he   s t o p  

151  and  t h e   p l u n g e r   165 .   The  s i z e   of   t he   gap   1 7 5  

d e t e r m i n e s   t he   d i s t a n c e   of  t r a v e l   of  t he   p l u n g e r   1 6 5  

b e t w e e n   of  t he   o p e n   and  c l o s e d   p o s i t i o n s .  

The  p l u n g e r   s t o p   151  has   a  g e n e r a l l y   c y l i n d r i c a l  

p o r t i o n   177  w h i c h   i s   a d a p t e d   to  be  r e c e i v e d  w i t h i n   t h e  

p l u n g e r   b o r e   143 .   The  p l u n g e r   s t o p   i n t e r n a l   p a s s a g e w a y  

153  r u n s   p a r a l l e l   to   t h e   l o n g i t u d i n a l   a x i s   179  of  t h e  

c y l i n d r i c a l   p o r t i o n   177  a l o n g   a  p a r t   of  t h e   l e n g t h  

t h e r e o f ,   as  shown  in  F i g .   7.  The  i n t e r n a l   p a s s a g e w a y   1 5 3  



a l s o   has   a  t e r m i n a t i n g   p a t h   p o r t i o n   181  a r r a n g e d   n o r m a l  

to  t h e   l o n g i t u d i n a l   a x i s   179  of   t he   c y l i n d r i c a l   p o r t i o n  

1 7 7 ,   t h e   t e r m i n a t i n g   p a t h   p o r t i o n   181  e n d i n g   in  a  f l u i d  

a p e r t u r e   183 .   F l u i d   a p e r t u r e   183  c o m m u n i c a t e s   w i t h   t h e  

p l u n g e r   b o r e   143  by  means   of   t he   s p a c e   185  b e t w e e n   t h e  

c y l i n d r i c a l   p o r t i o n   177  of   t h e   p l u n g e r   s t o p   151  and  t h e  

i n t e r n a l   d i a m e t e r   of-  t h e   t u b e   169 .   The  d i f f e r e n c e   i n  

d i a m e t e r   of   t h e   s t o p   p o r t i o n   177  and  t u b e   169  i s  

p r e f e r a b l y   on  t he   o r d e r   of   0 . 1 2 7   mm. 

The  p l u n g e r   s t o p   c y l i n d r i c a l   p o r t i o n   177  has   a  s t o p  

end  187  o p p o s i t e   t h e   t h r e a d e d   end  159 ,   t h e   s t o p   end  1 8 7  

b e i n g   of   l e s s e r   r e l a t i v e   e x t e r n a l   d i a m e t e r   t h a n   t h e  

c y l i n d r i c a l   p o r t i o n   1 7 7 .   P r e f e r a b l y ,   t h e   p l u n g e r   165  h a s  

a  g e n e r a l l y   c y l i n d r i c a l   body   189  a l t h o u g h   o t h e r   p l u n g e r  

d e s i g n s   a r e   p o s s i b l e   s u c h   as  p l u n g e r s   w i t h   f l a t   s i d e s   o r  

f l u t e d   s i d e s .   The  p l u n g e r   a l s o   has   a  f a c e   191  w h i c h   i s  

p r e f e r a b l y   an  e l a s t o m e r i c   m a t e r i a l   w h i c h   is   c o m p a t i b l e  

w i t h   t h e   m e d i u m   b e i n g   d i s p e n s e d .   The  p l u n g e r   f a c e   1 9 1  

c o n t a c t s   t h e   p l u n g e r   s e a t   149  a t   t he   p o i n t   a t   w h i c h   t h e  

s e a t   s l a n t i n g   s i d e w a l l s   193  m e r g e   to  f o rm  t he   o p e n i n g  

1 4 7 .   F l u i d   c o m m u n i c a t i o n   b e t w e e n   t he   p l u n g e r   b o r e   1 4 3  

and  t h e   o u t l e t   p o r t   35  o n l y   e x i s t   when  the   p l u n g e r   f a c e  

191  is   o u t   of   c o n t a c t   w i t h   t h e   p l u n g e r   s e a t   1 4 9 .  

The  p l u n g e r   165  a l s o   has   a  r e g i o n   of  l e s s e r   r e l a t i v e  

d i a m e t e r   1 8 8 .   The  p o r t i o n s   of  l e s s e r   r e l a t i v e   d i a m e t e r  



of  t he   s t o p   end  and  p l u n g e r   end  187 ,   188  a l l o w   a  b i a s i n g  

m e a n s   s u c h   as  a  s p r i n g   195  to   be  f i t t e d   a b o u t   t h e   s t o p  

end  187  and  p l u n g e r   end  w i t h i n   t he   p l u n g e r   b o r e   143 .   T h e  

s p r i n g   195  s e r v e s   to  u r g e   t h e   p l u n g e r   f a c e   t o w a r d   t h e   e n d  

cap  145  to  s e a l   t he   o u t l e t   p o r t   3 5 .  

The  i n t e r n a l   d i a m e t e r   of  t h e   p l u n g e r   b o r e   143  i s  

p r e f e r a b l y   in  t he   r a n g e   of  a b o u t   3 . 2 8 9   to   3 . 3 9 0   mm  w i t h  

t h e   m o s t   p r e f e r r e d   d i a m e t e r   b e i n g   a b o u t   3 . 3 7 8   mm.  T h e  

e x t e r n a l   d i a m e t e r   of  t h e   p l u n g e r   c y l i n d r i c a l   p o r t i o n   1 7 7  

is   p r e f e r a b l y   in  t he   r a n g e   of   a b o u t   3 . 1 6 2   to  3 . 2 6 3   mm 

w i t h   t he   m o s t   p r e f e r r e d   d i a m e t e r   b e i n g   a b o u t   3 . 2 5 1 2   mm. 

The  p r e f e r r e d   v a l v e   gap  175  i s   in  t h e   r a n g e   of  a b o u t  

0 . 0 7 6 2   to   0 . 2 1 5 9   mm. 

W i t h   t h e   v a l v e   d i m e n s i o n s   d i s c u s s e d ,   t h e   v a l v e   c a n  

o p e r a t e   b e t w e e n   t h e   o p e n   and  c l o s e d   p o s i t i o n s   in  t h e  

r a n g e   of  1200  c y c l e s   p e r   s e c o n d   w i t h   l i q u i d   m e d i u m s  

h a v i n g   v i s c o s i t i e s   in  t he   r a n g e   of  1 .0   to  10  c e n t i p o i s e ,  

w i t h   t h e   p r e f e r r e d   l i q u i d   v i s c o s i t i e s   f o r   ink   j e t  

p r i n t i n g   b e i n g   in  t he   r a n g e   of   a b o u t   1 .0   to  4 . 2  

c e n t i p o i s e .  

The  o p e r a t i o n   of  t he   d i s p e n s i n g   a p p a r a t u s   w i l l   now  b e  

d e s c r i b e d ,   w i t h   r e f e r e n c e   to  F i g s .   1  and  2.  The  m e d i u m  

to  be  d i s p e n s e d ,   s u c h   as  i n k ,   i s   s u p p l i e d   to  t he   m a n i f o l d  

17  t h r o u g h   t he   o p e n i n g   19  f rom  a  p r e s s u r i z e d   s o u r c e .   T h e  

s u p p l y   p r e s s u r e   i s   p r e f e r a b l y   in  t he   r a n g e   of  1 .5   to  90  



p s i ,   w i t h   t h e   o p t i m u m   p r e s s u r e   b e i n g   a b o u t   6 .0   p s i   f o r  

i nk   j e t   p r i n t i n g .   The  m e d i u m   f l o w s   o u t   t h e   o u t l e t s   39  o f  

t h e   m a n i f o l d   17  t h r o u g h   t h e   c o n d u i t s   37  to  t h e   i n l e t  

p o r t s   33  of   t h e   r e s p e c t i v e   s o l e n o i d   v a l v e s   31.   T h e  

s o l e n o i d   v a l v e s   31  a r e   s e l e c t i v e l y   a c t u a t e d   by  t h e  

e l e c t r i c a l   c o n t r o l   m e a n s ,   as  has   b e e n   d e s c r i b e d ,   w i t h   t h e  

e l e c t r i c a l   s i g n a l s   p a s s i n g   t h r o u g h   t he   c o n n e c t o r   p l u g   2 9 ,  

t e r m i n a l   p o s t   27  and  e l e c t r i c a l   l e a d s   171 ,   173  to  t h e  

v a l v e s   31.   As  e a c h   v a l v e   is   o p e n e d ,   l i q u i d   f l o w s   f r o m  

t h e   o u t l e t   p o r t   35  t h r o u g h   t h e   v a l v e   r e c e p t a c l e   o p e n i n g  

43  and  t h r o u g h   t h e   r i g i d   t u b e s   79  to   t he   o p e n i n g s   77  i n  

t h e   t u b e   p l a t e   71.   The  l i q u i d   i s   t h e n   d i s p e n s e d   t h r o u g h  

t h e   o r i f i c e   o p e n i n g s   in  t h e   o r i f i c e   p l a t e   8 5 .  

An  i n v e n t i o n   has   b e e n   p r o v i d e d   w i t h   s i g n i f i c a n t  

a d v a n t a g e s .   The  d i s p e n s i n g   a p p a r a t u s   of   t h e   i n v e n t i o n  

has   a  r e m o v a b l e   n o z z l e   p l a t e   w h i c h   r e d u c e s   t he   n e c e s s i t y  

of   b a c k   f l u s h i n g   t h e   s y s t e m   to  s e r v i c e   t h e   o r i f i c e s .   T h e  

r i g i d   t u b e s   c o n n e c t i n g   t h e   v a l v e   c r a d l e   w i t h   t he   t u b e  

p l a t e   r e d u c e   r e s i l i e n c e   p r o b l e m s   c a u s e d   by  t he   use   o f  

f l e x i b l e   t u b i n g   w h i c h   h i t h e r t o   hes   c a u s e d   t h e   t u b i n g   t o  

a c t   as  an  a c c u m u l a t o r ,   r e s u l t i n g   in  t h e   r e s i d u a l   e j e c t i o n  

of   f l u i d   f r o m   t h e   o r i f i c e s   a f t e r   t he   v a l v e s   we re   c l o s e d  

w h i c h   r e d u c e s   t h e   maximum  o p e r a t i n g   s p e e d   of   t h e   s y s t e m .  

The  n o v e l   v a l v e   c r a d l e   d e s i g n   p r o v i d e s   a  means   f o r  

j o i n i n g   t h e   r i g i d   t u b e s   to  t h e   v a l v e   o u t l e t   p o r t s   w h i l e ,  



a t   t he   same  t i m e ,   p r o v i d i n g   e a s e   of  i n s e r t i o n   and  r e m o v a l  

of  t he   i n d i v i d u a l   s o l e n o i d   v a l v e s .   The  c o a t e d   p r i n t e d  

c i r c u i t   b o a r d   r e d u c e s   e l e c t r i c a l   s h o r t s   in  c a s e   of  l i q u i d  

c o n t a c t   w i t h   t he   b o a r d .   A  p r i n t e d   c i r c u i t   b o a r d   has   b e e n  

f o u n d   to  more  e f f e c t i v e l y   i s o l a t e   t he   e l e c t r i c a l   s i g n a l s  

b e i n g   s e n t   to  t he   v a l v e s   f rom  t he   e l e c t r i c a l   c o n t r o l  

means   to  p r e v e n t   s h o r t s .   The  e p o x y   s e a l e d   v a l v e s   a r e  

l i k e w i s e   i n s u l a t e d   f rom  l i q u i d   c o n t a m i n a t i o n .   T h e  

min imum  p r o f i l e   of   t he   d i s p e n s i n g   a p p a r a t u s   a l l o w s   a  

s e r i e s   of  d i s p e n s i n g   a p p a r a t u s   to  be  s t a c k e d   one  upon  t h e  

o t h e r   to  a l l o w   m u l t i p l e   l i n e   p r i n t i n g   w i t h   a  m i n i m u m  

s p a c e   b e t w e e n   l i n e s .   U s i n g   t h e   d i s p e n s i n g   a p p a r a t u s   o f  

the   i n v e n t i o n ,   t he   s p a c e   b e t w e e n   l i n e s   can   be  k e p t   t o  

0 . 2 5 4   mm  or   l e s s .   The  f a s t e r   r e s p o n s e   t i m e   of  t h e  

s o l e n o i d   v a l v e s   of  t h e   i n v e n t i o n   a l l o w s   s m a l l e r ,   m o r e  

p r e c i s e l y   d e f i n e d   c h a r a c t e r s   to  be  p r i n t e d .  

W h i l e   t he   i n v e n t i o n   has   been   shown  in  o n l y   two  of  i t s  

f o r m s ,   i t   is   n o t   t h u s   l i m i t e d   b u t   is   s u s c e p t i b l e   t o  

v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s   w i t h o u t   d e p a r t i n g   f r o m  

the   s p i r i t   t h e r e o f .  



1 ) .   A  d i s p e n s i n g   a p p a r a t u s   f o r   d i s p e n s i n g   a  m e d i u m  

c h a r a c t e r i s e d   in  t h a t   i t   c o m p r i s e s :  

a  m a n i f o l d   a d a p t e d   to  r e c e i v e   a  m e d i u m ;  

a  p l u r a l i t y   of  s o l e n o i d   v a l v e s ,   e a c h   of  s a i d   v a l v e s  

h a v i n g   an  i n p u t   p o r t   and  an  o u t p u t   p o r t ;  

c o n d u i t   means   c o n n e c t i n g   s a i d   m a n i f o l d   w i t h   e a c h   o f  

s a i d   s o l e n o i d   i n p u t   p o r t s ;  

a  t u b e   p l a t e   h a v i n g   a  p l u r a l i t y   of  o p e n i n g s   t h e r e i n ;  

t u b e   means   f o r   c o n n e c t i n g   e a c h   of   s a i d   t u b e   p l a t e  

o p e n i n g s   w i t h   a  s e l e c t e d   one  of  s a i d   s o l e n o i d   o u t p u t  

p o r t s ;   a n d  

a  r e m o v a b l e   o r i f i c e   p l a t e   o v e r l a y i n g   s a i d   t u b e   p l a t e ,  

s a i d   o r i f i c e   p l a t e   h a v i n g   a  p l u r a l i t y   of   o p e n i n g s  

t h e r e i n ,   s a i d   o p e n i n g s   b e i n g   a r r a n g e d   to  be  a l i g n e d  

w i t h   s a i d   t u b e   p l a t e   o p e n i n g s .  

2 ) .   The  d i s p e n s i n g   a p p a r a t u s   of   c l a i m   1,  c h a r a c t e r i s e d  

in  t h a t   t h e   o p e n i n g s   in  s a i d   t u b e   p l a t e   a r e   of  g r e a t e r  

d i a m e t e r   t h a n   t he   o p e n i n g s   in  s a i d   o r i f i c e   p l a t e .  

3 ) .   The  d i s p e n s i n g   a p p a r a t u s   of  c l a i m   2,  c h a r a c t e r i s e d  

in  t h a t   e a c h   of  t h e   o r i f i c e   p l a t e   o p e n i n g s   is   a d a p t e d   t o  

r e c e i v e   an  o r i f i c e   j e w e l   to  a c t   as  a  f l u i d   n o z z l e .  

4 ) .   A  d i s p e n s i n g   a p p a r a t u s   as  c l a i m e d   in  any  one  of  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i s e d   in  t h a t   t h e r e   is   a  

p l u r a l i t y   of   r i g i d   t u b e s ,   e a c h   of  s a i d   t u b e s   c o n n e c t i n g   a  

s e l e c t e d   one  of  s a i d   s o l e n o i d   o u t p u t   p o r t s   w i t h   a  



s e l e c t e d   one  of  s a i d   t u b e   p l a t e   o p e n i n g s .  

5 ) .   A  d i s p e n s i n g   a p p a r a t u s   as  c l a i m e d   in  any  one  of  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i s e d   in  t h a t   t h e r e   i s   p r o v i d e d  

a  v a l v e   c r a d l e   f o r   p o s i t i o n i n g   s a i d   s o l e n o i d   v a l v e s  

w i t h i n   s a i d   d i s p e n s i n g   h e a d ,   s a i d   v a l v e   c r a d l e   h a v i n g   a  

p l u r a l i t y   of   v a l v e   r e c e p t a c l e s   f o r   r e c e i v i n g   t h e  

r e s p e c t i v e   o u t p u t   p o r t s   of  s a i d   p l u r a l i t y   of  s o l e n o i d  

v a l v e s .  

6 ) .   A  d i s p e n s i n g   a p p a r a t u s   as  c l a i m e d   in  c l a i m   5 

c h a r a c t e r i s e d   in  t h a t   t he   v a l v e   c r a d l e   i n c l u d e s   a  c r a d l e  

w a l l   c o n t a i n i n g   s a i d   v a l v e   r e c e p t a c l e s ,   s a i d   w a l l   h a v i n g  

an  i n s i d e   f a c e   and  an  o u t s i d e   f a c e   and  s a i d   r e c e p t a c l e s  

c o m p r i s i n g   a  s e r i e s   of  s t e p p e d   b o r e s   b e t w e e n   s a i d   i n s i d e  

f a c e   and  s a i d   o u t s i d e   f a c e .  

7 ) .   A  d i s p e n s i n g   a p p a r a t u s   as  c l a i m e d   in  c l a i m   6 

c h a r a c t e r i s e d   in  t h a t   t h e   v a l v e   r e c e p t a c l e   b o r e s   d e c r e a s e  

in  i n t e r n a l   d i a m e t e r   f rom  s a i d   i n s i d e   f a c e   to  s a i d  

o u t s i d e   f a c e .  

8 ) .   A  v a l v e   f o r   use   in  a  f l u i d   d i s p e n s i n g   a p p a r a t u s  

c h a r a c t e r i s e d   in  t h a t   i t   c o m p r i s e s :  

an  e l o n g a t e d   o u t e r   j a c k e t   h a v i n g   o p p o s i n g   e n d s ;  

a  p l u n g e r   b o r e   s u b s t a n t i a l l y   c e n t r a l l y   l o c a t e d   w i t h i n  

s a i d   j a c k e t ,   c o m m u n i c a t i n g   s a i d   o p p o s i n g   e n d s ;  

an  end  cap   l o c a t e d   on  one  of  s a i d   j a c k e t   o p p o s i n g  

e n d s ,   s a i d   end  cap   h a v i n g   an  o u t p u t   p o r t   t h e r e i n  



w h i c h   c o m m u n i c a t e s   w i t h   s a i d   p l u n g e r   b o r e ;  

a  p l u n g e r   s t o p   l o c a t e d   on  s a i d   j a c k e t   end  o p p o s i t e  

s a i d   end  c a p ,   s a i d   p l u n g e r   s t o p   b e i n g   a t   l e a s t  

p a r t i a l l y   r e c e i v e d   w i t h i n   s a i d   p l u n g e r   b o r e ,   and  s a i d  

p l u n g e r   s t o p   h a v i n g   an  i n p u t   p o r t   and  an  i n t e r n a l  

p a s s a g e w a y   c o m m u n i c a t i n g   s a i d   i n p u t   p o r t   w i t h   s a i d  

p l u n g e r   b o r e ;  

a  p l u n g e r   s l i d a b l y   r e c e i v e d   w i t h i n   s a i d   p l u n g e r   b o r e  

b e t w e e n   s a i d   p l u n g e r   s t o p   and  s a i d   end  c a p ;   a n d  

an  e n e r g i z a b l e   e l e c t r i c a l   c o i l   wound  a b o u t   s a i d  

p l u n g e r   b o r e   w i t h i n   s a i d   j a c k e t ,   s a i d   p l u n g e r   b e i n g  

s l i d a b l e   w i t h i n   s a i d   p l u n g e r   b o r e   b e t w e e n   a  c l o s e d  

p o s i t i o n   and  an  open   p o s i t i o n   f o r   a l l o w i n g   f l u i d   f l o w  

t h r o u g h   s a i d   i n p u t   p o r t ,   i n t e r n a l   p a s s a g e w a y ,   p l u n g e r  

b o r e ,   and  o u t p u t   p o r t ,   in  r e s p o n s e   to  e n e r g i z a t i o n   o f  

s a i d   c o i l .  

9 ) .   A  v a l v e   as  c l a i m e d   in  c l a i m   8  c h a r a c t e r i s e d   in  t h a t  

t h e   p l u n g e r   s t o p   has   a  g e n e r a l l y   c y l i n d r i c a l   p o r t i o n  

a d a p t e d   to  be  r e c e i v e d   w i t h i n   s a i d   p l u n g e r   b o r e ,   s a i d  

p l u n g e r   s t o p   i n t e r n a l   p a s s a g e w a y   r u n n i n g   p a r a l l e l   to  t h e  

l o n g i t u d i n a l   a x i s   of   s a i d   c y l i n d r i c a l   p o r t i o n   a l o n g   a  

p a r t   of   t h e   l e n g t h   t h e r e o f   and  h a v i n g   a  t e r m i n a t i n g   p a t h  

p o r t i o n   a r r a n g e d   n o r m a l   to  t h e   l o n g i t u d i n a l   a x i s   of  s a i d  

c y l i n d r i c a l   p o r t i o n ,   s a i d   t e r m i n a t i n g   p a t h   p o r t i o n   e n d i n g  

in  a  f l u i d   a p e r t u r e   w h i c h   c o m m u n i c a t e s   w i t h   s a i d   p l u n g e r  



b o r e .  

1 0 ) .   A  v a l v e   of  c l a i m   20,  as  c l a i m e d   in  e i t h e r   of  c l a i m s  

8  or   9  c h a r a c t e r i s e d   in  t h a t   t h e   p l u n g e r   has   a  g e n e r a l l y  

c y l i n d r i c a l   body   w i t h   a  p l u n g e r   f a c e   f o r   c o n t a c t i n g   t h e  

i n t e r i o r   of  s a i d   end  cap   to  s e a l   s a i d   o u t l e t   p o r t   and  a n  

o p p o s i t e   p l u n g e r   end  of   l e s s e r   r e l a t i v e   d i a m e t e r   t h a n  

s a i d   c y l i n d r i c a l   b o d y ,   w h e r e b y   a  s p r i n g   can   be  f i t t e d  

b e t w e e n   s a i d   s t o p   and  s a i d   p l u n g e r   end  w i t h i n   s a i d  

p l u n g e r   b o r e ,   s a i d   s p r i n g   s e r v i n g   to  u r g e   s a i d   p l u n g e r  

f a c e   t o w a r d   s a i d   end  cap   to  s e a l   s a i d   o u t l e t   p o r t .  
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